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Introduction =
SiC physical properties
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Introduction Cryistalline Polytypes
SiC physical properties [C.) .. C atom}

Si. 14e™ : 1s22s22p®3s23p?

C.6e™ : 1s*2s%2p? [0001]

OO m>I0O0
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Kimoto et al., Silicon Carbide Epitaxy, edited by F. La Via (Research Signpost, 2012)

Crystallographic characteristics
of the SiC polytypes

Polvtype Uit cell Lattice parameters  Inequivalent Structure Hexagonality
sequence (nm) sites rate (%)
ISIC AB 2=0.3081 c=0.5048 [ prrr— 100 hRals)
(wurtzite) X ///%////’{/(4//;/& “Si face”

3C-SiC ABC a=0.4349 1 cubic(zincblende) 0

a=0.3081¢=0.75 hexagonal (hep) (1100) — — (1120)
4H-SiC ABAC a=03081 c=1.08 2 Hexagonal closed 50 “Mtace" A face’

packed (hep) = a,

6H-SiC ABCACB a=0.3081¢=1.501 3 hexagonal (hep) 33

15R-SiC  ABCACBCABACABCB a=0.3081 ¢=3.77 5

rhombohedral 40
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Introduction
Epitaxial growth

Horizontal hot-wall reactor

Parameters:

- Si/C

- T(1550-1650°C)

- Dopant gas control

- Hydrogen flow (150 sIm)
- Cloride compounds

- Low pressure regime (100 mbar)

A
— |
/

* n-type (= 1018 cm3) -
* Off-axis (= 4°)

Silicon Carbide Epitaxy, edited by F. La Via (Research Signpost, 2012)

Tu% Tmacmsmplc growth direction step edges
Substrate: o . ayer-growth direction
« 4H-SiC (0001) 8 —
e Siface i

g

alf-axis cul angle
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Introduction

Epitaxial growth
P g Stacking faults
Photon Energy (eV)
34 32 3 2.8 2.6 24
12 LY YR T v T T T v T
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2 2| X
0

360 380 400 420 440 460 480 500 520 540
Wavelength (nm)

0
0 100 200 300 400 500 600 700 oO 100 200 300 400 500 600 700 00 100 200 300 400 500 600 700
Kimoto et al., Silicon Carbide Epitaxy, edited by F. La Via (um) (jam) (um)

(Research Signpost, 2012), Chap. 6.
Kimoto et al., Silicon Carbide Epitaxy, edited by F. La Via (Research Signpost, 2012)

- Carrier lifetime
+ Leakage current

Killer defects —
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e Particles detection
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4H-SiC applications S s =%
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4H-SiC applications

Fluence calculation with Fluka

m  Fluence at 14 MeV

2,50E+011
Neutrons
® ® ) e °
\E2,00E+011 -
Schottky contact 5
A L
£1,50E+011
> ’
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~~
T'1,00E+011 4
n' D)
o
c
)
'55,00E+010 -
L
’{ n’ .
Back ohmic contact n
0,00E+000
These reactions are triggered by interaction of 14 0

MeV fast-neutrons with Si and C nuclei.

Deuterium-tritium neutron generator.
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Photoluminescence maps

Raman spectra
Carrier Lifetime
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Characterization =
Photoluminescence maps

3C PL signal

7303-710.sper

Analysis Parameteors

Mode | Custom 2 Treeshold ¥

Min Lk
Max Lint

2460 L

6240

:: Theshod [00 %

FWHM [0 % -
ous A e 3] e * 390 nm Band-to-band Jd
0100} Cuntom 2 Theechold ¥ N

e peak
Calitwation : {none]
S T 00 x
e s | L * 430 nm bar shaped or SSF
i ] * 460 nm SF (4,4)
00 3300 4200 4700 5100 S500 5500 6300
e ] * 490 nm SF (5,3)
Caltvaton - Inooe) Smoothed | No
. . Resuds I~ Plot On Guagh
Additional PL signal @420nm N L
[t socctrum " (cvroT303 Ti0spml
Save Pt Smooth Cﬁ Regrocess Mo Help. .
- 4H PL signal 35000 . - P
V) + — pea
- 30000 ——420nm
e I 10000
R 25000
ammo 3300 4300 4700 5100 5500 S300 6200 s ; "
* Moo I © 20000
Caltestion  [rore) Smocthed - No —
Rendts I~ Piot On Geagh -B‘ B
e e o S 15000 5000
5 L
e T e e e am £ 10000

Wavelength (nm)

5000

Intensity (counts)
Intensity (counts)

1 n 1 N 0
400 420 440 460 480

e — = Wavelength (nm) r
Wavelength (nm) M
L]
QMM enl

16th Workshop on Advanced Silicon Radiation Detectors. Trento, 16-18 february 2021



Characterization o=

250 pum X
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Raman spectra [
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s

e Matrix: 5x2 and 4x4 Laser Power increase

e Laser: He-Cd 325nm

* Llaser power: 15-7,5-3,8-1,5-0,15 mW
* Objective 40x

* Acquisition time=12s

e Spot laser radius= 4,5 micron
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Characterization

Raman spectra
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Characterization -

h * e 12 1018 ' I ! 1 ! 1 ' 1 i 1 i | i | i I ! I
Carrier lifetime post PL - . 50 2 Do,
- um : Auger recombination
~1,0x10 ¢ 60 um/h_100um i _
E A 90 um/h_100um & | mechanism
(&)
5 8,0x10'" 1 :
o
o 17
16 T B o L A E o o m e e 36,0)(10 . & i
| & 250 = ’ '
14 - o um . - 17 | m )
] e 60um/h_100um A . 1
12- A_90umh_100um| 1§, ol s ]
10_ ] —T T T T T T T 1 T T T T T 1
g ® - 2 0 2 4 6 8 10 12 14 16

Laser power (mW)

—
)]
a3
S
Q
£
et
2
-
| -
Q2
=
©
O

] i _
1T . '_ 015 871 1438 643
0- R & |
T T T T T T T T T T T T 115 0198 0185 0180
0 2 4 6 8 10 12 14 16
Laser Power (mW) 3,8 0,45 0,40 0,38
7,5 0,32 0,28 0,33

o | 15 0,26 0,25 0,30 ﬁ
B4 g @ IMM eni

16th Workshop on Advanced Silicon Radiation Detectors. Trento, 16-18 february 2021



Oxidation process 4

Carrier lifetime X107 = Carrier induced 250 pm g | =
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Defect Study = e

Influence on carrier lifetime e
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Defect Study
430 nm (2,88 eV)
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Defect Study ——————] >
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Defect Study

430 nm isolated

490 nm isolated
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Defect Study
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Conclusion

* Study of the epitaxial growth process > ) ;
« Carrier lifetime and carrier density evaluation ——— = L soma ok

= Carrier induced 250 pm ; ] 10 970 980 99?10001010
- 1an Shift (cm™)

¢ Carrier induced post OX

Oxidation process 1400°C - 48h g

v

Influence of the defects on carrier lifetime
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